in 

CO 
CM 



Q- 
LJJ 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

28.08.2002 Bulletin 2002/35 

(21) Application number. 02003254.6 

(22) Date of filing: 21.022002 



IIIIIIIOIIIIIIIIHII 

(11) EP 1 235 091 A2 

EUROPEAN PATENT APPLICATION 

(51) int Ci 7: G02B 1 3/14, G03F 7/20 . 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 
MC NL PT SE TR 
Designated Extension States: 
AJL LT LV MKROSI 

(30) Priority: 21.02.2001 JP 2001044760 

(71) Applicant Nikon Corporation 
Tokyo 100-8331 (JP) 



(72) Inventor Suzuki, Takeshi, c/o Nikon Corporation 
Tokyo 100-8331 (JP) 

(74) Representative: HOFFMANN - ETTTJE 
Patent- und RachtsanwaJte 
Arabellastrasse 4 
81925 Munchen (DE) 



(54) Projection optical system and exposure apparatus with the same 

(57) The projection optical system which projects an 
image of a first surface onto a second surface, and 
which has a lens component formed of fluorite and a 
lens component formed of silica, includes: a first lens 
group including at least one lens component formed of 
fluorite and having a positive refractive power; a second 
lens group arranged in an optical path between the first 
lens group and the second surface and having a nega- 
tive refractive power, and a third lens group arranged in 
an optical path between the second lens group and the 
second surface and having a positive refractive power, 
wherein when the number of the lens components 
formed of silica is Snum, the number of the lens com- 
ponents formed of fluorite is Cnum, and a numerical ap- 
erture of the second surface side of the projection optical 
system is NA, the following conditions are satisfied: 
Snum>Cnum (1) 



NA>0.75 



(2). 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to a projection optical system which projects an image of a first plane onto a second 
plane, and particularly, a projection optical system which is suitable for reducticn-projection-exposing a semiconductor 
pattern which is formed on a reticle (mask) at a first plane onto a substrate (wafer) at a second plane, and an exposure 
10 apparatus provided with the projection optical system. 

Background of the Related Art 

[0002] When a semiconductor element is fabricated, a projection exposure apparatus is used which transfers an 
15 Image of a pattern on a reticle onto a wafer coated by a resist via a projection optical system. As miniatun^on of 
patterns of semiconductor integrated circuits to be transferred has progressed, high resolution is demanded for a 
projection optical system which is used for wafer exposure. In order to meet the demand, it is necessary to proceed 
with -procedures such as shortening the wavelength of an exposure light or increasing the numencal aperture of a 

projection lens optical system. 0i4Q . 

20 [0003] Recently, in order to respond to miniaturization of transfer patterns, KrF exclmer laser (wavelength 248 nm) 
has begun to be used instead of an i line (wavelength 365 nm) as an exposure light source. Furthermore, ArF examer 
laser (wavelength 193 nm) has also begun to be used. 

[0004] Recently, particularly with respect to ArF excimer laser, narrowing of the band region of a laser light source 
has progressed by using optical elements. However, a half width of approximately several pm still remains. If this type 

26 of light source is used as a light source of a projection optica! system in which most of the structural glass material is 
silica, chromatic aberration, which cannot be ignored, is generated. As a result, image contrast deteriorates, causing 
Image deterioration. ^ . . 

[0005] Therefore, narrowing of the band region of a laser is desired, but narrowing the band region of a laser is not 
easy, and has limitations because there are many problems such as deterioration of a narrow band region elernerrt 

30 over time. Therefore, by adding other glass types to the structural lens, the chromatic aberration can be corrected. 
Fluorite is used for the other glass type. Fluorite can also control irradiation fluctuation in addition to chromatic aber- 
ration, if a laser in which narrowing of the band region cannot very much further proceed is used as a light source, and 
an optical system is structured by using fluorite, the majority of the structural members of the optical system also have 
to be fluorite. However, in addition to the high cost of fluorite, it is known that a performance capability of an optical 

35 system with fluorite deteriorates because processability is poor, and surface changes due to temperature fluctuation 
are significant 

SUMMARY OF THE INVENTION 

40 [0006] Thus, an object of this invention Is to correct chromatic aberration and control irradiation fluctuation while 
design performance capability is maintained even when a laser fight source is used which has not been wen developed 

with respect to a narrow band region. 

[0007] In order to accomplish the above-mentioned object, a projection optical system according to. one aspect of 
this invention is a projection optical system which projects an image of a first plane onto a second plane. The projection 

4$ optical system, includes: 

a lens component formed of fluorite; 
a lens component formed of silica; 

a first lens group including at least one lens component formed of fluorite and having a positive retractive power; 
so a second lens group arranged in an optical path between the first lens group and the second surface and having 

a negative refractive power, and 

a third tens group arranged in an optical path between the second lens group and the second surface and having 
a positive refractive power; 

55 wherein wnen the number of the lens components formed of silica is Snum, the number of the lens components 

formed of fluorite Is Cnurn, and a numerical aperture of the second surface side of the projection optical system Is NA, 
the following conditions are satisfied: 
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Snum>Onum 



NA>0.75 ( 2 )- 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

10 

Rg. 1 i8 an optical path diagram of a projection optical system of a first embodiment of this invention. 
Fig. 2 shows aberration diagrams of a projection optical system of the first embodiment of this Invention. 
Rg. 3 is an optical path diagram of a projection optical system of a second embodiment of this invention. 
Rg. 4 shows aberration diagrams of a projection optical system of the second embodiment of this Invention. 
is Rg. 5 is a structural diagram of a projection exposure apparatus related to embodiments of this invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0009] in a projection optical system according to the above-mentioned aspect of the invention, a first lens group 
20 having a positive refractive power relays a telecentric light beam emitted from a first surface to a second lens group. 
At the same time, positive distortion is generated in advance, and by so doing, negative distortion generated in the 
second and third tens groups is corrected. Furthermore, the second lens group, haying a negative refractive power, 
mainly contributes to the correction of PetzvaPs sum and accomplishes flatness of the image plane. The third lens 
group, having a positive refractive power, telecentrically projects an image of a light beam relayed from the second 
25 lens group onto the second plane, and mainly plays a role of imaging in a state in which generation of sphencal aber- 
ration is controlled as much as possible. 

[0010] With respect to silica glass material for ArF laser, it Is known that Irradiation fluctuation such as absorption, 
compaction, or the like is generated. Here, by using at least one lens of a fluorite glass material for the first lens group 
having a positive refractive power, aberration deterioration of irradiation fluctuation due to silica glass material can be 

30 controlled. In the first lens group, a light beam (partial aperture) going through a center of an optical axis is relatively 
distant on a lens surface from a light beam going through a peripheral area, so when irradiation fluctuation is generated 
in the first lens group, the difference between the peripheral area and the center of a projection area or the like becomes 
significant, and aberration fluctuation becomes large. Thus, by using fluorite for the first lens group, aberration deteri- 
oration due to irradiation fluctuation can be effectively controlled. 

35 [0011] Condition (1) establishes the necessary number of fluorite elements for a structure of a projection optical 
system according to the above-mentioned aspect of the invention. By using the structure of the projection optical system 
of this invention, the number of lenses can be reduced, the entire optical system can be made smaller, and axial 
chromatic aberration can be made proportionally small. Therefore, chromafiicaberration can be reduced, so the number 
of fluorite members can be reduced, and in the projection optical system according to the above-mentioned condition, 

do a design performance capability can be maintained in the same manner as in a conventional projection optical system. 
[0012] Condition (2) establishes a numerical aperture which can be accomplished by the structure of the projection 
optical system according to the above-mentioned aspect of the Invention. As the entire optical system Is made smaller, 
a refractive power of a third lens group having a positive refractive power becomes strong, and the projection optical 
system with the high numerical aperture of condition (2) can be accomplished. Al that time, in order to further miniaturize 

45 the optical system while maintaining various aberrations, it is preferable that at least one aspherical surface is provided 
within the second lens group having a negative refractive power. Furthermore, when the minimum of condition (2) is 
exceeded, power of the third lens group is weakened, the entire projection optical system becomes larger, and chro- 
matic aberration becomes poor in proportion. 

[0013] in the projection optical system according to the above-mentioned condition, it is preferable that at least one 
so lens component among lens components formed of the fluorite within the first lens group has a positive refractive 
power. As described above, with respect to the structure of the first lens group, effects of aberration deterioration due 
to irradiation fluctuations in the first lens group, such as coma, the difference between the periphery and the center in 
the projection area, or the like are larger than such effects in other lens groups. In particular, in a positive lens, with 
respect to an optical path length going through a glass material, a light beam going though at the optical axis center 
55 is longer than a light beam going through the periphery; therefore, effects of irradiation fluctuation on a glass material 
are easily generated. Thus, from the standpoint of efficiently controlling aberration fluctuation due to irradiation fluctu- 
ation, it is preferable that a fluorite glass material is used for lenses having a positive refractive power. Additionally, 
from a perspective of chromatic aberration correcting occurring due to the cfifference in the refractive index of fluorite, 
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10 



15 



it is preferable that a fluorite glass material is used for lenses having a positive refractive power. 
[0014] Furthermore, in the projection optical system according to the above-mentioned aspect, it is preferable that 
the third lens group has at least one lens component formed of fluorite. A light beam which is diverged by the second 
lens group is converged by the third lens group, so each lens of the third lens group has a high irradiating energy 
density. This causes compaction, which Is a type of Irradiation fluctuation. If a fluorite glass material is used for the 
third tens group an effect can be obtained which reduces the effect of this compaction. Furthermore, if a fluorite giass 
material is used for a glass material with thickness dose to the point at which this irradiating energy density is focused, 
compaction can be further effectively corrected. 

[001 5] In the projection optical system according to the above-mentioned condition, when the distance between ine 
first surface aid the second surface is U the distance between the first surface end the lens surface of the first lens 
group closest to the second surface side is L1 , and the focal length of the second lens group is 12, it is preferable that 
the following conditions are satisfied: 

0-2<L1/L<0.5 (3) 
0.03<-f2/L<0.10 ( 4 ) 



20 [0016] Condition (3) establishes an appropriate positive refractive power of the first lens group for the entire system. 
If the maximum value of condition (3) is exceeded, negative distortion generated in the second tens group cannot be 
corrected, ff the minimum value of condition (3) is exceeded, rt is not good because positive tfstortion of a higher order 
is generated. 

[0017] Condition (4) establishes an appropriate negative refractive power of the second lens group for the entire 
25 system. If the maximum value of condition (4) is exceeded, correction of Petzval's sum becomes insufficient, and 
deterioration of flatness of an image plane occurs. If the minimum value of condition (4) is exceeded, sphencal aber- 
ration of a high order Is generated, and Image contrast deteriorates. 

[0018] in the projection optical system in the above-mentioned aspect, it is preferable that the first lens group has 
at least one aspherical lens surface. Because of this, distortion can be corrected even further. 
30 [0019] In the projection optical system in the above-mentioned aspect the lens group which constitutes the projection 
optical system can also be constituted by the first, second, and third lens groups only. 

[0020] In the projection optical system in the above-mentioned aspect, the projection optical system can also be 
structured so as to be optimized with respect to light having a center wavelength of 200 nm or less. 
[0021] The following ©(plains details of embodiments of this Invention based on the drawings. Additionally, wtth 
35 respect to structural elements having the same function and structure, repetitive explanation is omitted in the foflowing 
explanation and the drawings use the same symbols. 

(First Embodiment) 

) 

40 [0022] Fig. 1 is a diagram showing a lens structure of a projection optical system according to a first embodiment of 
this invention. The projection optical system of this embodiment uses silica SiOj and fluorite CaF 2 as a glass material 
and telecentrically projects an image of a reticle Rat a first surface onto a wafer W at a second surface. This projection 
optical system is constituted by, in order from the reticle R side, a first lens group G1 having a positive refractive power, 
a second tens group G2 having a negative refractive power, and a third tons group G3 having a positive refractive 

45 power. The first lens group G1 includes a lens LP11 having a positive refractive power formed of fluorite in addition to 
ASP11 end ASP12 which are aspherical-sheped lens surfaces. The third lens group G3 includes lenses LP12, LP13, 
LP14, and LP15 formed of fluorite. An aperture stop AS is arranged within the third lens group G3, and a reference 
wavelength of this projection optical system is 193.3 nm. 

[0023] various values of the projection optical system according to the first embodiment are shown in Table 1. Fur- 
so thermore, aspherical coefficients of the respective aspherical surfaces are shown in Table 2. With respect to an as- 
pherical surface, when height in a direction perpendicular to the optical axis is y, distance (sag amount) along the 
optical axis from a tangent plane at a vertex of the aspherical surface to a position on the aspherical surface at height 
y is 2, a radius of curvature at the vertex is r, a conical coefficient is K, and aspherical coefficients of an n order are 
A-F, the following equation can be expressed: 

55 

Z = (y 2 /r)/p + {1 - (1 + K) y 2 / rY 2 ] 
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+A*y 4 +B"Y e+ C'V 8+ D*y 10 +EV 12 +PV 14 

[0024] Here mm can be used as one example of trie units for the radius of curvature and surface interval in vario 
3 values of this embodiment. The following shows an Index of refraction of each glass material at the wavelength 
193.3 nm. 

SiOz 1.5603261 
CaF z 1.5014648 

10 



[Table 1] 



15 



20 



25 



35 



45 



50 



55 



Qt irfa<v* Number 


Radius of Curvature 


Surface Interval 


Glass Material 










1 


nnn jrjc 

388,465 




Si02 


2 


177. DUU 






3 


-120.028 




Si02 


4 


TK.1 111 






6 


<ini) TOO 


A A 41 


SI02 


6 


-1U2.WOO 


1 no 

I -vv 




7 


-7w.f TO 




SI02 


8 


*5Jin Q7Q 


1 no 




9 


666.130 


51 .U 




10 


-543.380 


*i nn 
1 -UU 




11 


299596 


4954 




12 


INFINITY 


'i nn 




13 


276.988 






14 


991 .456 


h nn 
1 .OU 




15 


252535 


*ar\ 'ail 




16 


574.560 


on 




17 


687.760 


iQ «1-T 




18 


143 .©Do 


•an ^3T 

JU^ f 




19 


-399.976 


4c nn 




20 


170.000 


Of JO/ 




21 


-128.314 


20.1o 




22 


804.730 


2159 




23 


-570.040 


51.47 


SI02 


24 


950.000 


10.24 




25 


INFINITY 


35 59 


CaF2 


26 


-250.424 


152 




27 


INFINITY 


41 £9 


CaF2 


28 


-262.449 


1359 




29 


290.060 


56.21 


Si02 


30 


1757.000 


26.96 




31 


INFINITY 


16.03 


Si02 


32 


276588 


34.69 




33 


533.910 


48.23 


SI02 


34 


-471.548 


1551 




35 


INFINITY 


3256 


SI02 


36 


-490.708 


250 




37 


199.138 


4255 


Si02 


38 


439.306 


355 




39 


170.020 


4950 


SI02 
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[Table 1] (continued) 



Surface Number 


Radius of Curvature 


Surface Interval 


Glass Material 


40 


300.000 


1.66 




41 


154.428 


45.93 


CaF2 


42 


522.270 


5.77 




43 


INFINITY 


60.00 


CaF2 


44 


1687/160 


11.35 
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[Table 2] 



ts 



20 



25 



35 



Asphericai Coefficients 


Surface 2 


K : 0.000000 
A X106010E-06 
D:0.112269E-20 


B :0.204228E-11 


C I-.588237E-16 


Surface 14 


K : 0.000000 

A:0.417491E-08 

D:0.141913E-22 


B:0.514111E-13 


C >.666592E-18 


Surface 20 


K : 0.000000 
A :0.166854E-07 
D:-.304113E-20 


B :0.370389E-12 


C :-.138273E-16 


24 surfaces 


K : 0.000000 
A :0.361963E-07 
D:0-908964E-21 


B:-.679214E-12 
E :-.121007E-25 


C X128267E-16 


Surface 40 


K : 0.000000 
A>.179608E.07 
D :-.506694E-21 


B:0.149941E-12 
E:0.204017E-25- 


C :-.128914E-17 
F:-.730011E-30 



40 [0025] The following shows the condition corresponding values. 

Snum = 17, Cnum = 5 

45 

NA = 0.78 
L= 1248.653 

so 

L1 =412.086 

m f 2 = -45.108 
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L 1 / L = 0-330 



-f2/L = 0.036 



[00261 Fig. 2 shows horizontal aberration (coma) in a tangential direction and in a sagittal direction of a projection 
optical system of this embodiment In the diagram. Y represents the image height and the maximum image height m 
the projection optical system of this embodiment is 13.7. In the diagram, solid lines show aberration at a wavelength 
io of 193 3060 nm, dotted lines show aberration at the wavelength of 193.3064 nm, and single-dot chain lines show 
aberration at the wavelength of 193.3058 nm. respectively. As is clear from the abeiration diagrams, with respectto 
the projection optical system of this embodiment chromatic aberration can be corrected well within the range of the 
image height 0 to the maximum image height 13.7. 

13 (Second Embodiment) 

[0027] Fig. 3 is a diagram showing a lens structure of a projection optical system according to a second embodiment 
of this invention. The projection optical system of this embodiment uses silica SiO, and fluorite CaF 2 as a glass material 
and telecentrically projects an image of a reticle R at a first surface onto a wafer W at a second surface.Thts projection 

20 optical system is constituted by. in order from the reticle R side, a first lens group G 1 having a positive refractive power, 
a second tens group G2 having a negative refractive power, and a third lens group G3 having a positive refractive 
power. The first lens group G1 includes lenses LP21 , LP22, LP23. LP24. LP25. and LP26 having a positive refractive 
power formed of fluorite in addition to ASP21 and ASP22 which are aspherical lens surfaces. The *ird tens groupi B3 
includes lenses LP27, LP28, LP29, LP30. end LP31 formed of fluorite. An aperture stop AS is arranged within the third 

2S lens group G3. The reference wavelength of this projection optical system is 193.3nm. 

[00281 Various values of the projection optical system according to the second embodiment are shown in Table 3. 
Furthermore, aspherical coefficients of the respective aspherical surfaces are shown In Table 4. The definition of the 
aspherical coefficients is the same as in the above-mentioned equation. Hera, mm can be used as one example for 
the units of the radius of curvature and surface interval in various values of this embodiment. 



30 



3S 



40 



46 



so 



[Table 3] 



Surface Number 


Radius of Curvature 


Surface Interval 


Glass Material 






6851 




1 


oo 


12-52 


SI02 


2 


396.770 


3.00 




3 


254.008 


2442 


CaF2 


4 


-934.473 


3.00 




5 


-12906.162 


12.00 


Si02 


6 


155.270 


48.71 




7 


-138.969 


19.68 


SI02 


8 


-365-690 


12.17 




9 


-721.284 


42.66 


CaF2 


10 


-372.350 


1441 




11 


8373.957 


5239 


CaF2 


12 


-354.413 


835 




13 


1031.713 


4933 


Si02 


14 


-549.575 


21.26 




15 


249.361 


64.78 


CaF2 


16 


1823.143 


3.00 




17 


291.668 


38.62 


CaF2 


18 


811.496 


3.72 




19 


211.542 


2635 


Caf=2 


20 


282.982 


332 




21 


150.387 


2338 


SI02 
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[Table 3] (continued) 



Surface Number 




Surface Interval 


Glass Material 


22 


1D0.10£ 


36.14 




23 


-oo4 1 .IaV* 




Si02 


24 


joe AfiO 


38.28 




25 




14 1Q 


Si02 


2o 




43.61 




Z7 . 


-1*16 


12.95 


Si02 


28 




10 60 




29 




37 67 


CaF2 


30 


4 no OAR 






31 


oco oqi 
-OOO-OO 4 * . 


2636 


Si02 


32 


-224.040 


^ m 

OXJ I 




33 




63J02 


S102 


34 


04 O CMC 






36 


INRNITY 






36 


326.130 


AO OR 




37 


-1078.234 


•17 AA 




38 


-378-423 


err a 0 
Of .10 




39 


1092.919 






40 


265-072 


04.75J 




41 


-1076.155 






42 


175.673 






43 


nan o*m 

389.570 


OA// 




44 


132.696 


44X10 


SI02 


45 


558.221 


1233 




46 


-1378.349 


12-26 


SI02 


47 


409.951 


6J01 




48 


96.901 


24.21 


CaF2 


49 


164.260 


1134 




50 


333.758 


18.07 


CaF2 


51 


2155.618 


12.21 





[Table 4] 



40 



46 



50 



55 



Aspherical coefficients 


Surface 2 


K : 0.000000 
A :0.377826E-07 


B :0.1834493E-11 


C :-.861369E-16 


D:-.310456E-20 






Surface 6 


K : 0.000000 
A:-.119582E-06 


B :0.572777E-12 


C :0-258461E~16 


D :-.174207E-20 






Surface 26 


K : 0.000000 
A :0.101023E-06 


B:-.116323E-10 


C :-.588509E-15 


D :0.298472E-19 
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[Table 4] (continued) 



Aspherical coefficients 



Surface 2 


Surface 47 


K: 0.000000 






A :0.435107E-07 


B :-.237192E-11 


C :-.246845E-15 


D:0.156567E-19 







[0029] The following shows the condition corresponding values. 

Snum = 14, Cnum = 11 



NA = 0.8 



L = 1323-330 



L1 = 557.251 



f2 = -40.647 



L1fl. = 0.421 



-G/L = 0.031 

[0030] Fig. 4 shows horizontal aberration (coma) in a tangential direction and in a sagittal direction of a projection 
optical system of this embodiment In the diagram, Y represents the Image height, and the maximum image height In 
the projection optical system of this embodiment is 13.7. In the diagram, solid lines show aberration at a wavelength 
of 193.3060 nm, broken lines show aberration at the wavelength of 193.3064 nm, and single-dot chain lines show 
aberration at the wavelength of 193.3056 nm, respectively. As is dear from the aberration diagrams, chromatic aber- 
ration of the projection optical system of this embodiment is corrected well within the range of the image height 0 to 
the maximum image height 13.7. 

[0031] Fig. 5 is a structural diagram of a projection exposure apparatus to which the projection optical system of the 
first or second embodiments is applied as a projection optica! system PL. A mask: (a reticle R) In which a predetermined 
pattern is formed is arranged on the reticle R surface of the projection optical system PL. A wafer W coated by a 
photoresist is arranged, as a workpiece, at the wafer W surface of the projection optical system PL. The reticle R is 
held on a reticle stage RS. and the wafer W is held on a wafer stage WS. Above the reticle R, an illumination optical 
system IS is arranged which Includes the exposure light source and uniformly illuminates the reticle R. Here, ArF laser 
is used as the exposure light source. 

[0032] Exposure light supplied from the fight source substantially uniformly illuminates the reticle R via an (undelet- 
ed) optical system within the illumination optical system IS. In the optical system within the Illumination optical system 
IS may also be included, for example, a fly's eye lens and/or an interna! surface reflective type integrator which uni- 
te rmizes the irradiation distribution of exposure light, an optical integrator which forms a planar light source of a pre- 
determined size and shape, a variable field stop (reticle blind) which regulates the size and shape of the illumination 
region on the reticle R. and/or an optical system such as a field stop imaging optical system which projects an image 
of the field stop onto the reticle. An image of the pattern of the reticle R which has been illuminated is reduced by the 
projection magnification via the projection optical system PL, exposed and transferred onto the wafer W. 
[0033] Preferred embodiments of this invention were explained with reference to the attached drawings. However, 
this invention Is not limited to the above-mentioned examples. It is clear that one of ordinary skill of the art can reach 
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various modifications and changes within the technical field as set forth in the scope of the claims. It is also understood 
that such modifications are also part of the scope of the claims of this invention. 

[0034] For example, an example using ArF laser as a Dght source was explained in the above-mentioned example, 
but this invention is not Omited to this. 

[0035] Thus, in the projection optical system of the above-mentioned embodiments as explained In detail, even when 
a laser light source whose band region has not been narrowed very much is used, or when a fluorite glass material is 
not used to the maximum extent, correction of chromatic abenetion and control of irradiation changes can be suitably 
performed while design performance capability is maintained. Furthermore, in the projection exposure apparatus of 
the above-mentioned embodiments, a fine circuit pattern can be formed at high resolution by using an exposure light 
source having a short wavelength. 



Claims 

1. A projection optical system which projects an image of a first surface onto a second surface, and which has a lens 
component formed of fluorite and a lens component formed of siDca. comprising: 

a first lens group including at least one lens component formed of fluorite and having a positive refractive power; 
a second lens group arranged in an optical path between the first lens group and the second surface and 
having a negative refractive power, and 

a third lens group arranged in an optical path between the second lens group and the second surface and 
having a positive refractive power 

wherein when the number of the lens, components formed of silica is Snum, the number of the lens compo- 
nents formed of fluorite is Cnum, and a numerical aperture of the second surface side of the projection optical 
system is NA, the following conditions are satisfied: 

Snum>Cnum 



NA>0.75. 



2. The projection optical system as set forth In claim 1. wherein at least one lens component among the lens com- 
ponents formed of fluorite in the first lens group has a positive refractive power. 

3. The projection optical system as set forth in claim 1 or 2, wherein the third lens group has at least one lens com- 
ponent formed of fluorite. 

4. The projection optical system as set forth in claim 1, 2 or 3, wherein when the distance between the first surface 
and the second surface is L, the distance between the first surface and the lens surface of the first lens group 
closest to the second surface side is L1 . and the focal length of the second lens group is f2, the following conditions 
are satisfied: 



0.2 < L1 / L < 0.5 



0.03 < 42 / L < 0.10. 

5. The projection optical system as set forth in claim 1 , 2. 3 or 4, wherein the first lens group has at least one aspherical 
lens surface. 

6. The projection optical system as set forth in anyone of claims 1-6, wherein the lens groups which form the projection 
optical system are the first, second and third lens groups only. 

7. The projection optical system as set forth in any one of claims 1-6, wherein the projection optical system is optimized 
with respect to light having a center wavelength of 200 nm or less. 



10 



BP 1 235 091 A2 

8. A projection exposure apparatus which projects and exposes a reduced image of a pattern arranged in a mask 
onto a workpiece, comprising: 

a light source having a center wavelength of 200 nm or less; 

an Illumination optical system which guides exposure light from the light source to the pattern on the projection 
negative plate; and 

the projection optical system as set forth in any one of claims 1-7; 

wherein the projection negative plate can be arranged at the first surface, and the workpiece can be arranged 
at the second surface. 

9. The projection exposure apparatus as set forth in claim 8, wherein said light source comprises an ArF excimer laser 

10. A projection exposure method which projects and exposes a reduced image of a pattern arranged in a mask onto 
a workpiece, camp rising the steps of: 

supplying exposure light having a center wavelength of 200 nm or less; 
guiding the exposure light to the pattern on the projection negative plate; and 

projecting an Image of the pattern on the projection negative plate arranged at the first surface onto the work- 
piece arranged at the second surface by using the projection optical system as set forth In any one of claims 1 -7. 

1 1 . The projection exposure method as set forth in claim 10, wherein said light source comprises an ArF excimer laser. 
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